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In a preceding communication (1) it has been shown that during an attack of mumps or convalescence therefrom specific antibody appears in the patient's serum which has the capacity to fix complement in the presence of an antigen derived from the parotid gland of a monkey previously inoculated with the virus. The antibodyin nearly all individuals became demonstrable by the 14th day following the onset. From these observations it became immediately apparent that the complement fixation test might be of value in the differential diagnosis of the clinical syndrome which has been designated "acute aseptic meningitis," "infectious encephalitis," or "acute aseptic meningoencephalitis" (2, 3) .
In addition to that of mumps, a variety of viruses and possibly other agents whose nature is entirely unknown may give rise to this condition. Among the known viruses are those of mumps, lymphocytic choriomeningitis, Western equine encephalomyelitis, St. Louis encephalitis, Japanese encephalitis, Russian encephalitis, the virus of louping ill which is probably identical with that of Russian encephalitis, and poliomyelitis. Diagnosis in the laboratory--the only means of etiologic determination--is in the case of certain of these pathogens often a difficult and prolonged procedure; and for the recognition of the virus of mumps as a neurotrope, there is of course no practical method available. Even when careful studies have been made, the diagnosis in the majority has remained obscurO.
In the present communication are described the results obtained by means of the complement fixation test for mumps antibody in 51 patients who exhibited symptoms which clinically were compatible with the diagnosis of acute aseptic meningoencephalitis. The analysis of the data which follows indicates that the technique should be of aid in the determination of those cases of this disease which are due to the virus of mumps. * These investigations have been carried out as a project of the Commission on Measles and Mumps, Board for the Investigation of Influenza and Other Epidemic Diseases, Preventive Medicine Service, Office of the Surgeon General, United States Army.
For a recent review of this subject, see reference 4 . 137
Procedure
Specimens of serum, and when practicable, samples of spinal fluid were obtained as occasion offered during the last 2½ years from patients who presented the symptoms of acute aseptic menlngoencephalitis. Most of them were hospitalized in civilian institutions in Boston and elsewhere; a few cases occurred in base hospitals at Army camps in the United States and the remainder were house patients in Boston. ~ Whenever possible such materials were procured during the earlier stages of the illness and again during convalescence. In certain instances specimens were secured only during the later period of the disease or after recovery. Both serum and spinal fluid were tested for the presence of complement-fixing antibody according to the technique which is fully described in the first paper of this series (5) . Unheated spinal fluid from 7 patients was tested for the presence of antigen by substituting it for the suspension of infected monkey parotid in titrations in which known positive mumps sera were employed. All specimens were found by inoculation into suitable media to be free of bacteria. Hinton tests on the sera and Wassermann tests on the spinal fluids of the 47 hospitalized patients were shown to be negative. In most of the hospitalized group, both total and differential leucocyte counts on the blood and spinal fluid were also carried out, and the protein and sugar contents of the spinal fluid were determined. Additional pertinent clinical data were derived from the hospital records.
Thirty-four of these individuals who have been studied at no time during their illness revealed any indication of involvement of the salivary glands. In the remaining 17 patients either parotitis or enlargement of the submaxillary or sublingual glands pointed to the nature of the etiologic agent. In 5 of these cases orchitis was likewise present.
RESULTS
The results of the complement fixation tests together with the history of exposure and other relevant information are given in Tables I, II, and III. The records of the 17 individuals in which enlargement of the salivary glands was noted are presented as a group in Table I . The pertinent findings recorded in the study of the remaining 34 patients are arranged according to the titers of the complement fixation test. In Table II are summarized the results obtained in those patients that either exhibited an increase in antibody associated chronologically with their illness or possessed a concentration of antibody sufficiently high as to suggest a recent infection with the virus of mumps. In contrast, the individuals mentioned in Table III were characterized either by the absence of antibody or its presence in low and essentially unchanging amount.
2 We wish to express our thanks to the following individuals for their indispensable interest and assistance in obtaining the materiais employed in this investigation: Dr. Conrad Wesselhoeft and Dr. Charles Oliver of the Haynes Memorial Hospital, Boston; Dr. Charles A. Janeway of the Children's Hospital, Boston; Dr. 
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The quantities of sugar present in these same specimens of spinal fluid were found to be within the normal limits. The distribution of the cases according to the months in which they occurred is noted in Table VI .
DISCUSSION
Before attempting to analyze these data, it is essential to discuss the evaluation of the results which may be obtained by means of file complement fixation test. The investigations in monkeys and in patients with mumps have shown that infection with the virus is regularly followed, usually within a comparatively short time, by the emergence or increase of specific complementfixing antibody (1, 5) . Therefore, when either of these phenomena can be demonstrated in cases of encephalitis they appear to afford as definite evidence for the presence of mumps infection as could be secured by any method other than the direct demonstration of the virus.
Since meningoencephalitis, however, is frequently a late complication of a mumps infection which may be apparent or inapparent (1, 6) and since the antibody may often reach high levels within the early stages of such infection when involvement of the nervous system is not yet manifest, it may often be impossible, as will be seen, to demonstrate either the emergence or increase of antibody. Accordingly under such circumstances it becomes necessary, in order to derive any diagnostic assistance from the test, to attempt the definition of that level of antibody which may be considered indicative of a recent infection with the virus.
The results presented in the preceding paper (1) show that of 31 mumps patients whose sera were studied during both the acute and early convalescent stages, 20 exhibited titers of 1:96 or greater within the period from the 7th to the 13th day inclusive after the onset. Of the remainder, 3 were negative, 2 had titers of 1:24, 2 of 1:48, and 4 of 1:96. Of 27 patients whose convalescent sera were tested during the later period of convalescence, i.e. from the 14th to the 30th day inclusive, 26 were characterized by titers greater than 1:96 and only 1 had a titer of 1:48. Thus apparently in typical cases of mumps about two-thirds of the individuals will develop titers of at least 1:96 by the end of the 1st week of illness and by the end of the 2nd week over nine-tenths will have titers in excess of that figure.
In a statistical study (6) of the titer of complement-fixing antibody in the sera of healthy individuals who gave no recent history of mumps it was found that among 198 whose sera yielded positive tests, only 12 had titers that were greater than 1:48. Of these highest titers 11 were recorded as 1:96 and 1 only as 1 : 192. We may, then, expect to encounter very rarely in a normal person a titer comparable to those almost uniformly characteristic of individuals who have recently recovered. A titer of 1 : 192 may therefore be regarded with only a small chance for error as evidence of a recent infection, even when no rise in antibody concentration can be subsequently demonstrated. It cannot be assumed, however, that the recent infection so indicated is necessarily associated causally with the encephalitis, since it has been demonstrated (1) that antibody may persist in the convalescent (and presumably in him who has has experienced an inapparent infection) at high levels for several months after the attack. Although unlikely, a high titer may thus be an indication of an infection with the virus of mumps experienced within the immediately preceding months, and so quite unrelated to the disease of the nervous system under investigation.
In summary, we believe the results of the complement fixation test when employed in the diagnosis of meningoencephalitis may, in the light of our present knowledge, be interpreted in the following manner. If the development or increase of antibody can be demonstrated during the disease or shortly after recovery, presumably the symptoms are related to the concomitant infection by the virus of mumps which has thus been revealed. When the increase of antibody is the criterion, such increase must be at least 4 times that of the concentration initially determined to attain definite significance. If no development or significant increase in antibody is demonstrated but a titer of 1:192 or over is obtained, it may be inferred that a recent infection (either apparent or inapparent) has occurred which probably, although not necessarily, is responsible for the observed disorder.
Turning now to a consideration of the results of the complement fixation tests in the cases of meningoencephalitis, it is clear that with 1 exception those patients in whom involvement of the salivary glands was noted (Table I) presented titers of 1:192 or greater at periods varying from 8 to 50 days after the first symptoms of encephalitis were observed. In 10 of these 17 patients, development or significant increases of antibody occurred. In addition the serum of patient 8 showed an increase of threefold which is suggestive. Among the remaining 6 individuals only a single specimen of serum was obtained, and from 3 of them relatively late in the course of the illness. The titers of these 3 specimens, however, were all 1:192 or greater. No increase was demonstrated in the original high antibody concentration of the remaining 3 cases although from each 2 specimens of serum were secured. In 1 of them (No. 6) the first specimen was drawn as early as the 1st day, and the 2nd on the 8th day after the onset of the encephalitis. The titers were both found to be 1:384. This indicates that considerable antibody may be produced by the pre-existing infection of the salivary glands before symptoms of involvement of the nervous system are apparent.
Although all the cases in group 1 exhibited involvement of the glands, it will be seen from the notes in the table that the swelling was minimal in several and involved only the submaxillary or sublingual glands. Such trifling enlargement might easily have been overlooked or have subsided unless repeated examinations had been made. If these slight manifestations had gone unremarked, the evidence afforded by the complement fixation test would have been of great diagnostic value especially in those instances where no history of exposure could be given.
Taken as a whole, the study of patients in group 1, in whom the clinical diagnosis was definite, illustrates the behavior of the complement fixation test in mumps meningoencephalitis. The data afford a sort of standard by which the results of the test may be judged in those cases in which only involvement of the nervous system was evident. With the exception of 2 individuals exhibiting some involvement of the testes, they are patients of this sort who are mentioned in Tables II and III . The grouping, as previously stated, has been made on the basis of the titers of complement-fixing antibody.
All the individuals included in group 2 (Table II) either showed an increase in antibody or a significant concentration at the time the first specimen of serum was obtained. A comparison of their titers with those obtained for group 1 in general reveals a close parallelism in the values. In a few cases, those with salivary gland involvement attained somewhat higher levels of antibody, but there is no indication that they should be regarded otherwise than as examples of individual variation. The number of cases in which it was possible to demonstrate a significant rise in titer coincident with the illness was only one-half that of group 1. In several of these instances a second specimen of serum was not obtained which, had it been available, might possibly have shown an increase in antibody. Again as compared with group 1, there were also in group 2 fewer individuals who gave no history of exposure to mumps. Such differences, however, are almost certainly due to chance variation. It is, therefore, reasonable to infer on the basis of the similarity of serologic findings to those encountered in group 1 that the patients in whom no glandular involvement was discerned likewise had been infected with the virus of mumps which in turn was responsible for the symptoms of meningoencephalitis.
The results of the complement fixation tests on the sera of the 18 patients mentioned in Table III obtained showed any increase in titer and in no case was a significant titer of 1:192 or greater recorded. It would seem highly probable, then, that the virus of mumps was not responsible for the meningoencephalitis of most of these cases, although on strictly clinical grounds, as will be subsequently shown, they could not be certainly distinguished from those included in group 2. But because we have observed a patient with encephalitis following frank parotitis in whom antibody could not be demonstrated until about 6 weeks had elapsed (case 1, Table I ), it is possible that a very few of these patients in whom the results of the test remained unchanged during the period of observation nevertheless developed antibody afterwards. In our experience, however, both with undoubted mumps meningoencephalitis and uncomplicated parotitis the case just mentioned is the only individual adequately studied by means of the complement fixation test who failed to develop antibody within a period of about 3 weeks following the first manifestation of symptoms. Accordingly such delayed expression of the antibody response is apparently a rare phenomenon.
In respect to group 3 it is also of interest to note that from the spinal fluid of case 40 the virus of lymphochoriomeningitis was isolated. This is additional evidence for the specific nature of the antibody response in mumps infection.* It is also to be observed that the test proved negative in 3 cases which were diagnosed on clinical grounds as poliomyelitis and in a 4th suspected of being poliomyelitis. It would seem, therefore, that the test might be of assistance in the differential diagnosis of so called abortive poliomyelitis as well as other types of aseptic meningoencephalitis. A cursory inspection of the summaries of clinical and epidemiologic observations as well as the results of the routine laboratory procedures makes it appar- * Titers given as reciprocals of final dilution of serum before addition of red blood cells. :~ Patient in Army Hospital--age not given on history.
§ Titer of 3rd specimen taken 66 days after onset of encephalitis.
ent that, save for the presence of a variable degree of enlargement of the salivary glands or orchitis, no single feature distinguishes any of the 51 cases which might be regarded as more than of suggestive value in the etiologic diagnosis. Thus in accordance with the observations of previous students of mumps meningoencephalitis without salivary gland involvement, our findings show that the only presumptive diagnostic evidence of much importance consists in a reliable history of previous exposure to a case of mumps or the development of that disease more or less contemporaneously in other members of the patient's family or his associates. Though of aid, however, when it can be established, it is obvious from the records concerning exposure in Tables I and II that this criterion can be of no value in a large number of cases. Thus only 6 of the 17 patients who exhibited signs of infection of the salivary glands or testes associated with their encephalitis were able to state that they had been recently exposed to a case of mumps (Table I) . Likewise no history of exposure could be given by 6 of the 15 patients included in group 2 in 5 of whom the only manifestation of infection other than that afforded by the results of the complement fixation test was meningoencephalitis. All the menbers of group 3 who experienced a disease not definitely to be distinguished on clinical grounds from that afflicting the individuals in group 2 denied exposure. It follows, therefore, that if one were to depend on the criterion of exposure alone, the etiologic diagnosis of nearly one-half the patients in group 2 would have remained entirely undefined. It would also have been impossible with assurance to exclude as mumps meningoencephalitis the 17 cases in group 3.
Of much less diagnostic aid are the other aspects of the disease. Age does not serve to differentiate clearly these 3 groups. As one would expect the individuals of groups 1 and 2 were made up largely of children and young adults, the youngest of whom was 1 {~ years and the oldest 36 years. Group 3, with the exception of 2 persons of over 50 years of age, exhibited a similar range.
In the 3 groups the distribution of meningoencephalitis according to sex was the same. In each somewhat over twice as many males as females were encountered. This proportion is similar to that recorded by Holz and Tabor and Newman in their series of cases (7, 8) . In this connection, it is of interest to point out that the preponderance of males among the cases presumably due to the virus of mumps does not follow the distribution according to sex of epidemic parotitis in which the attack rate of both sexes is the same (9) .
The signs and symptoms observed in each group were on the whole remarkably uniform as indicated by the summaries presented in Table IV . It is, however, possible that the relatively low incidence of abdominal pain and the high incidence of Kernig's sign in group 3 may be of significance. More definitely characteristic of this group would seem to be in most instances an insidious beginning of the disease as contrasted with the greater incidence of sudden onset recorded for group 2. The duration of illness as compared with both the other groups also distinguished group 3. If, then, the symptoms of meningoencephalitis develop slowly and persist longer than about 1 week, it suggests that the etiologic agent may be other than the virus of mumps. But there have been sufficient exceptions in all the groups to render such evidence decidedly ancillary in value.
The behavior of the white blood cells both in the blood and spinal fluid likewise affords no reliable index to the responsible agent. It will be remarked ( Table V) that the mean total counts of blood and spinal fluid from the cases in groups 1 and 2 as well as the percentage distribution of lymphocytes are almost identical. In group 3 the total white blood count on the average is slightly higher and that of the spinal fluid definitely lower than in the first 2 groups. In the case of the blood the difference appears to be due to the inclusion of 4 individuals in group 3 exhibiting counts significantly higher than any of those encountered in the other groups (i.e. cases 36, 39, 50, 51). The lower mean value of the total count of the spinal fluid is obviously influenced greatly by the extremely low figure for case 44, although the counts in general tend to be somewhat less than those for groups 1 and 2. The percentage of lymphocytes in the blood is also slightly less in group 3 but again this would appear • Time of onset in this group could not be determined accurately since symptoms due to orchitis or salivary gland involvement obscured the onset of meningoencephalifis.
to be attributable to the inclusion of a small number of cases with unusually low values (cases 34, 36, 45, 51). Moreover a very slight depression in the mean percentage of lymphocytes can be assigned largely to the differential findings of 2 cases (36 and 51) Since these 2 cases appear to be unlike the others in respect both to high total white blood count and low percentage of lymphocytes in blood or spinal fluid, it would be perhaps justifiable to conclude on the basis of these criteria alone that the mumps virus was not concerned. Such a conclusion, at least in case 51, is further supported by the findings of Silwer (10) who observed no case of what he believed to be mumps meningoencephalitis in which the lymphocytes of the spinal fluid represented less than 45 per cent of the cells. In respect to the leucocytes of the blood and spinal fluid, it may then be stated that with these 2 possible exceptions the cou,nts, total and differential, do not serve to distinguish the cases of group 3.
The raflges of the protein concentration of the spinal fluid in groups 1 and 2 were almost identical although indicating an increase above the normal (see page 139). For group 3 the range was somewhat more extensive and in certain individuals concentrations were recorded which were definitely greater than in the other 2 groups. The data therefore suggest that if the concentration is higher than about 75 rag. per ml. the causative agent may not be the virus of mumps. Again, however, there were a number of instances in group 3 in which the concentration was comparable to that characteristic of mumps meningoencephafitis. In respect to the seasonal distribution of our cases, it is apparent from Table VI that during the first 7 months of the year 94 per cent of the cases in group 1 and 73 per cent of those in group 2 occurred. In contrast only 35 per cent of the cases in group 3 became ill during the same period. Although the numbers are too few to furnish an adequate basis for statistical evaluation, this distribution is of some interest, since for groups 1 and 2 it follows to a considerable degree the seasonal distribution curve of mumps in the United States (9) and so can perhaps he regarded as supportive evidence for the nature of the etiologic agent in those groups. Conversely since the distribution of the cases in group 3 is quite different, further indication of a diverse origin of certain of them would appear to be presented. It is equally apparent, however, that it would be entirely misleading to assert that because a case of meningoencephalitis occurred during the late summer or early fall, it was very unlikely that the virus of mumps was responsible---the chances of its being so would merely seem to be somewhat less than during the earlier part of the year as suggested by the data here recorded as well as by the fact that the incidence of uncomplicated mumps is low during that time.
TABLE VI Seasonal Distribution of Cases of Meningoenceptuffilis

